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EXECUTIV SUMMAY
Blooms of toxic or hanl microalgae, commonly called "red tides," represent a significant and
expanding theat to hrnan health and fisheries resources throughout the United States and the
world. These phenomena tae many forms, ragig from massive accrnulations of cells that
discolor the water to dilute, inconspicuous, but highly toxic populations. Ecological, aesthetic,
and public health impacts include: mass mortalities of wild and fared fish and shellfish; hrnan
intoxication and death from the consrnption of contaminated shellfish or fish; alterations of
mare food webs through adverse effects on larae and other life history stages of commercial
fish species; the noxious smell and appearance of algae accrnulated in nearshore waters or
deposited on beaches; and mass mortlities of mare mamals, seabirds, and other anals.
Many hanl algal blooms (HABs) have signficant economic impacts. Shellfish closures, wild
or fared fish mortalities, and scared consrners who avoid seafood are well-recogned impacts
of major HABs. Whle adverse health effects and lost sales of fish and shellfish products are
direct costs, constrained development or investment decisions in coastal aquacultue due to the
threat from outbreaks of toxic algae are examples of poorly understood or poorly quatified
indirect or hidden costs, Lost mare recreational opportunities also are a signficant cost of
har algal bloom incidents.
HABs have increased steadily in both species complexity and geographical extent over the last
several decades. In tu, the range of har effects and the magntude of economic costs have
also widened. This report provides the first comprehensive estimate of the economic impacts of
HABs in the United States, focusing on both direct and indirect costs.
We estimate the economic impacts of HABs for events where such impacts were measurable
with a fai degree of confdence durg the six-year interval of 1987-92 (Table ES.l). Due to
reporting limitations, the selected events are a subset of all outbreaks that occured durg the
1987-92 study period, and thus our aggregate economic impact underestimates the tre impacts.
"Economic impact" is defined broadly to mean either lost gross revenues in the relevant product
or factor markets, expenditues for environmental monitoring and management, or other costs that
would not have been incured in the absence ofHAs. In general, this measure is consistent with
published estimates made for other natual catastrophes, such as hurcanes or earquakes.
Economic multipliers, often used to approximate the ful ramifications of costs or losses as they
are transferred though a local economy, are not used here. The calculation of economic
multipliers in the absence of detailed data on market structure and interactions can be misleading,
as multipliers can be sensitive to local market strcture characteristics and to the quality of data
that describe interactions among market sectors. Developing a description of local and regiona
markets for specific HAB events was beyond the scope of this project.
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Economic impacts are grouped into four basic categories: (1) public health impacts; (2)
commercial fishery impacts; (3) recreation and toursm impacts; and (4) monitorig and
management costs. Unless otherwise indicated, all estimates are reported in 2000 U.S. dollars.
Public Health Impacts
Human sickness and death from eatig tainted seafood results in lost wages and work days.
Costs of medical treatment and investigation also are an important par of the economic impact
caused by such events. Cases of sickness and death from shellfish toxins are probably the most
clearly documented among the different types ofHA impacts, since these cases are recorded by
public health agencies in individual states as well as at the federal leveL.
For the 1987-92 period, the aver.ge public health impact due to shellfish poisoning from HABs
was approximately $l million per year (caused by paralytic, neurotoxic and amesic shellfish
poisoning, or PSP, NSP, and ASP respectively). This total is low because of higlùy effective
state monitorig programs that detect toxic shellfish and keep contaminated products off the
market. Another problem caused by toxic algae is the fish poisonig syndrome called cigutera,
caused by dinoflagellate toxins that move though the tropical food chai to the larger fish that
then poison human consumers. Ciguatera affects predominantly the residents of, and visitors to,
Florida, Hawaii, Puerto Rico, the U.S. Virgi Islands, Gua, and the Marshall Islands. Over the
study interval, the economic impact of cigutera poisoning vared from $l8 millon to more than
$24 million per year, averaging $2l millon. These estimates are low since cigutera poisonig has
occured outside the tropical areas listed above due to exports of fish to other jursdictions.
Furer, some seafood companes purchase inurance to cover potential cigutera-caused
liabilities, and there are cour costs associated with cigutera-related litigation - neither of which
we were able to quantify for the study intervaL.
The total public health impacts from HAs raged from a low of $18 millon to a high of $25
millon, averag $22 millon over the six-year interval. These figues represent approximately
45% of the total economic impacts from all causes.
Commercial Fishery Impacts
Commercial fishery impacts from HABs include wild harest and aquacultue losses of fish and
shellfish resources due to NSP, PSP, ASP, ciguatera, and brown tides. Anual impacts var from
$13 to $25 millon with average anual impacts of $18 millon. These figues clearly are
underestimates because they do not include losses from PSP closures in several states where it
was not possible to document the acreage closed or the value of the resource that was not
harested, The estimation of commercial fishery impacts is complicated fuer by the transfer
of shellfishing effort from closed areas to areas that remained open and by fishermen switching to
other fishing activities. In addition, the estimates do not include the value of wild fish kills or of
lost opportunities for haresting some untapped shellfish resources. Measurng the economic
impacts of wild fish kills is problematic because many involve so-called "trash" fish that, by
5
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defintion, have no market value. Also, the ultimate causes of fish kills often are unclear. For
example, fish kils caused by the dinoflagellate Pfiesteria undoubtedly occured in North Carolina
durng the six-year study interval, but state officials could not indicate which events were caused
by Pfiesteria and which were due to other causes, such as low dissolved oxygen,
Another issue is that some curently untapped fishery "resources" have values that could be
realized in the absence of HAB events, but such estimates are not included here. Examples
include some shellfish resources of coastal Alaska, which are permanently quaantined due to
persistent PSP toxicity and the logistics of sampling distant or remote resources. However, in
order for such "lost opportties" to be counted legitimately as economic impacts in ths study,
these fisheries must be demonstrated to be commercially viable. A plausible alternative reason
for non-exploitation is that they are not profitable fisheries because there is insuffcient demand
or because haresting is uneconomical. The anual economic impact estimates presented here
include losses from these untapped resources only in certin special cases (e.g., sur clams in
Alaska and on Georges Ban).
Recreation and Tourism Impacts
In 1991, a federal study estimated that expenditues by recreationa fishermen for travel, food,
lodgig and equipment were 67 percent greater than expenditues for commercial fish landings.
Although many experts argue that the impacts of HABs on recreation and toursm are important
and potentially large, there are few available data describing the size of the impacts. Clearly, the
economic impacts of HABs on recreational and tourism activities deserve substantially more
attention than they have been given to date. In Florida, for example, recurent red tides have been
estimated to cause over $20 million in toursm-related losses every year. These impacts, as well
as similar losses in Texas and other areas, are not well documented and thus are reduced to much
lower levels in ths study. The tota anua estimates for recreation and tourism are, once agai
underestimates. Efforts to measure recreation and tourism impacts must be underten at the
local level because local environmental and socioeconomic conditions are critical determinants of
changes in recreational benefits.
Estimates of economic impacts on recreation and toursm durg the 1987 -92 period range from
zero to $29 milion. The anual average is $7 million.
Monitorinl! and Manal!ement Costs
It is often the case that water monitorig tasks, including shellfish testing for PSP, NSP, and
ASP, are spread across different divisions of state governent, makg it diffcult to collect data
on costs. Furher, monitoring activities for both HABs and other water quality testing, such as
shellfish sanitation, often are conducted by the same personneL. As a result, it is diffcult to
factor out those costs related specifically to HAB monitoring and mangement. Given this
qualification, anua average monitorig and management costs for HABs are estimated at $2
million, distrbuted among twelve states: Alaska, Califomia, Connecticut, Florida, Maine,
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Massachusetts, New Hampshire, North Carolina, New Jersey, New York, Oregon, and
Washington. These costs include the routine operation of shellfish toxi monitoring programs,
planon monitoring, and other management activities.
Conclusions
Table ES-l presents the anual aggregate economic impacts (in milions of2000 dollars) of HABs
in the United States durg the 1987-92 period. The total costs average $49 million per year,
ragig from $34 millon to $82 millon. Over the last several decades, the cumulative impacts
thus approach $1 billion. Public health impacts are the largest component, representing more
than 45 percent of total average impacts. Commercial fisheries impacts are the next largest
component, representing 37 percent of the total. Recreation/toursm impacts account for 13
percent of the total, and monitorig/management impacts represent the remag 4 percent.
Furher, it is importt to note that expenditues made to improve monitorig and magement
likely resulted in decreases in impacts in the other categories.
These estimates are highly conservative and reflect the diffculties in compiling and assessing the
impacts of phenomena for which economic studies are rare. The totals in Table ES-l do not
include the effects of economic multipliers, which would increase the estimates several-fold.
They also do not include the value of untapped or unexploited resources, such as some of the
extensive shellfish populations along Alaska's 30,000-mile coastline, presently closed to
haresting due to PSP toxicity. Likewise, the effects of delayed haresting, as with temporar
beach closures due to PSP, could not be estimated with any precision and thus are not included.
We note also that outbreaks of certain blooms may cause severe economic impacts that equa or
exceed the anual averages for the selected study intervaL. For example, a 1976 New Jersey red
tide caused losses estimated at more than $l bilion in 2000 dollars. Simlarly, the 1997 Pjiesteria
outbreak in the Chesapeake Bay is estimated to have cost the seafood industr $46 million.
These single events exceed the anual average of HA impacts for the entire nation.
The diffculties encountered in our efforts to generate a national estimate of HAB economic
impacts underscore the need to modify the maer in which HABs are reported. At present,
information on HAB events is fragmenta and inconsistent with respect to the level of detal
provided. The duration, affected acreage or shoreline lengt, average toxicity levels, and values of
affected coastal resources should be documented for each bloom in order to describe the overal
economic signficance of the incident. In addition, local and state governents should place
much higher emphasis on quantification of economic impacts. Until local governents become
capable of supplying site-specific impact inormation for each bloom incident, truly
comprehensive and detailed national level aggregation of such impacts canot be realized.
Furhermore, the causes of economic impacts and the degree of their uncertainty should be
included in any reports of economic impacts.
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Overall, the economic impacts from HABs are diverse and large within the United States. Even
with the highly conservative treatment given the impacts in this study, the anua costs are
significant. Perhaps more importantJy, many are recurent, and show signs of increasing as the
number of toxic and hanful algal species grows and as our reliance on the coasta zone for
aquacultue, commerce and recreation expands. Prudent investment in research and monitoring
can do much to reverse this trend and to reduce the anual impacts.
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1 INTRODUCTION
Ocean waters are home to thousands of species of microscopic algae which together comprise the
base of the mare food web. Most of these species are harless, and in fact are critical to the
ocean's ecology and to the production of biomass at all levels of the mare food web. There are,
however, a few dozen algal species which are associated with adverse impacts of many different
types. The term "harful algal bloom" or HAB is now used to describe the destructive and often
visible "blooms" of these algae that kill fish, make shellfish poisonous, and cause numerous other
problems in marne coastal waters. The one featue uniting these diverse phenomena is that they
cause har, In the past, the term "red tide" was used to describe many of these phenomena, but
the term is potentially misleadig and does not adequately describe the many different types of
harful outbreaks. Some algal species produce potent toxins which accumulate in shellfish that
feed on those algae, resulting in poisoning syndromes in human consumers called paralytic,
diarhetic, amesic, and neurotoxic shellfish poisoning (PSP, DSP, ASP, and NSP respectively).
A related phenomenon caled cigutera fish poisonig (CFP) occurs when toxic algae livig on
coral reef seaweeds are consumed by herbivorous fish, which pass the toxins on to larger
predators which then deliver the neurotoxins to human consumers. All of these toxins can also
alter mare ecosystem structure and fuction as they are transferred though the food web,
affecting fecundity and surival at multiple levels in ways that are still largely unquantified.
Some toxic blooms kill wild and fared fish populations. Others are associated with irrtatig
and toxic aerosols, due to the transport of toxins in sea spray. Even non-toxic algal species can
cause problems through biomass effects - shading of submerged vegetation, disruption of food
web dynamics and structue, and oxygen depletion as the blooms decay. Traditionally, the term
HAB has referred to microscopic algae, but its interpretation has now been broadened to include
blooms of macroscopic algae (seaweeds) which displace indigenous species, destroy habitat,
cause oxygen depletion, and even alter biogeochemical cycles, The causes and effects of
macroalgal blooms ar similar in many ways to those associated with harful microscopic
phytoplankton species.
Durng the past several decades, HAB events have occured in more locations than ever before
throughout the United States and the world (Anderson 1989; Smayda 1990; Halegraeff 1993),
The number of algal species involved in such events has increased, there are more known toxis,
more fisheries resources are afected, and the economic impacts of HAB outbreaks are larger as
well. Whether or not this global increase in HABs is tag place because of enhanced nutrient
and pollutat loadings from anthopogenic sources has been a topic of debate with the scientific
community (e.g., Anderson 1989; Smayda 1990). Whatever the reasons, virtally all coastal
regions of the United States are now subject to an unprecedented variety and frequency of HAB
events. The United States is not alone in ths respect, as nations throughout the world are
increasingly faced with a bewilderig and disturbing aray of toxic or harful species and
impacts,
13
Economic Impact ofHABs in the U.S.
In the United States, the most significant economic and public health problems related to har
algae during the 1987-92 interval that is the focus of this study were:
. Paralytic shellfish poisoning (PSP), which occurs in all coastal New England states as
well as New York and along much of the west coast from Alaska to Californa. This
problem has also extended to offshore areas in the Norteast, notably Georges Ban,
. Neurotoxic shellfish poisonig (NSP), and fish and mare maal mortalities in the
Gulf of Mexico and, more recently, extending northward to the coast of the Carolinas.
. Mortalities of fared salmonids in the Pacific Nortwest.
. Recurent brown tides, causing mortlities of mussel populations, massive recruitment
failure of scallops, and reduction of eelgrass beds around Long Island.
. Ciguatera fish poisoning (CFP), a malady associated with dioflagellate toxins
accumulated in tropical fish flesh, occurg in virally al sub-tropical to tropical
United States waters, includg Florida, Hawaii, Gua, United States Virgin Islands,
Puerto Rico, and many Pacific Terrtories.
. Amesic shellfish poisonig (ASP), a sometimes fatal illness so named because one of
its most severe symptoms is the permanent loss of short-term memory, The ASP
toxin, domoic acid, has been detected in shellfish from both the West and East Coasts
of the United States, and toxic Pseudo-nitzschia multiseries cells have been isolated
from Gulf of Mexico water.
. Diarhetic shellfish poisonig (DSP) which some consider the most senous and
globally widespread phytoplanton-related seafood illness. The first confed
incidence of DSP in North America occured in 1990 and 1992 in Canada. DSP-
producing species of phytoplanon such as Dinophysis acuminata and Prorocentrum
lima occur thoughout all temperate coastal waters of the United States, though no
outbreaks ofDSP have yet been confrmed.
. "Pfiesteria-like" dinoflagellates, afecting human health and fisheries in estuies of the
southeastern United States, and in paricular the Neuse-Pamico estuares. Although
Pfiesteria had been discovered by 1992, economic impacts of fish kills caused by this
organsm are not included in ths study because no data could be obtained on the fish
kills conclusively lined to Pfiesteria over the 1987-92 interval, or of the value of the
dead fish. In the laboratory, human exposure to aerosols from toxic Pfiesteria cultures
has been linked to short- and long-term neurotoxic symptoms. Fishermen and others
workig in or exposed to estuarne waters have complaied of simlar problems,
14
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exemplified in the worst cases as a loss of neurocogntive ability. There are no
estimates of the economic impacts of these human health effects in this report, agai
because of a lack of data.
. Blooms of macro algae (seaweeds), in response to nutrient enrchment associated with
coastal eutrophication, Opportunistic macroalgal species outcompete, overgrow, and
replace seagrass and coral reef ecosystems, Once established, the macroalgal blooms
may remai in an environment for decades until nutrient supplies decrease. Negative
effects include reduced light availability to seagrasses and reef systems, leadg to
lower productivity, habitat loss from hypoxia/anoxia, and eventual die-off of sensitive
species.
In ths report, we provide a national estimate of the economic impacts of HABs from events for
which such impacts were measurable with a fai degree of confdence durg the interval 1987 -92.
(Unless otherwse indicated, all estimates are reported in 2000 U.S. dollars.) Due to inadequate
reporting, the events included here are only a subset of the HA outbreaks that occurred
during the six year study period. For this reason and others (discussed below) we believe
that our aggregate economic impact estimates significantly underestimate the true
impacts. We acknowledge that "economic impact" is not an ideal measure of economic loss, but
we employ the concept in this study because it is the predominant form in which daages are
reported by coastal managers and by scientists in the published literatue. We group economic
impacts into four basic categories: 1) public health impacts; 2) commercial fishery impacts; 3)
recreation and toursm impacts; and 4) monitorig and management costs. This is the first effort
to estimate economic costs of HABs at the national level, so it is perhaps not surrising that in
the course of this analysis, we encountered many unowns and uncertinties with respect to
quantifying impacts. These problems are discussed below.
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2 METHODS
The followig economic impact analysis is based mainly on a survey of experts from individua
coastal states and the literatue. Formal letters requesting economic impact information were
mailed in August 1992 and Februar 1994 to individuas in certn heavily impacted states who
were either knowledgeable about HAB impacts or who were likely to know others who could be
contacted for more specific details. In total, more than l70 people were contacted by letter and
by telephone to elicit economic impact information and to uncover details about individua HAB
events. After a preliminar evaluation and synthesis of these data, topics requig furer data
or analysis were identified. These were addressed though a new series of telephone calls and
correspondence in 1997-99. We have sumarized these data in the body of the report.
2.1 Definition of Economic Impacts
We define "economic impacts" broadly to mean either lost gross revenues in the relevant product
or factor markets, expenditues for environmenta monitorig and management, or other costs that
would not have been incured in the absence ofHAs. In general, this measure is consistent with
published estimates made for other kids of natual catastrophes, such as hurcanes or
earhquakes (e.g. Pielke and Landsea 1997; Pielke and Pielke 1997). As such, the estimates
reported here represent a preliminar, but admttedly rough, approximation of the economic
costs to the United States from the occurence of HABs. Readers should keep the limitations of
economic impact analysis in mid, realizg that it was developed as a purely descriptive
technique. Its origi purpose was to describe the economic structue of a region, to help
understand economic interactions and linages among sectors. In paricular, it is not a form of
benefit-cost analysis, and it should not be used to justifY normative decisions (Propst and
Gavrlis 1987).
Another consideration is that we do not apply "multipliers" in this report to capture the ful
ramifications of economic impacts. Multipliers can be sensitive to local market structure
characteristics and to the quality of data that describe interactions among market sectors (Archer
1995; Propst and Gavrlis 1987). Developing a description of local and regiona markets for
specific HAB events was beyond the scope of ths project. We have identified some studies of
HAB impacts in which multipliers have been estimated and used, such as Maine's economic
impact calculation for shellfishing closure of September 1980, and we recognize that it is possible
to calculate multipliers for this kind of application (Loomis 1993). However, we believe that the
calculation of economic multipliers in the absence of detailed data on market strctue and
interactions can be potentially misleading, creating a perception of exaggerated economic costs of
HAB events (e.g. Hunter i 989). Furermore, the occasional misuse of economic impact analysis
to make normative decisions to justifY investments, for example, is made al the worse when
impacts are multiplied.
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2.2 Economic Impacts are not an Ideal Measure of Social Costs
Economic impacts as defined here are not an ideal measure of the costs of HABs to society.
Under ideal circumstances, we would like to obtain a measure of lost consumer and producer
surpluses in the relevant markets due, say, to shifts in demand or supply cures. We
demonstrate this point in Figue 2.1, which depicts supply and demand in a commercial fishery
durg one season i Assume that we are considering the costs associated with the closure of a
fishery due to a HAB event. In a typical case, this can be represented by a shift of the supply
cure, which itself is the horizontal sum of margial cost schedules for individual firms, from So
to S 1, The effect is a reduction in the supply of fish to the market, from F 0 to F 1, and an increase
in the price of fish, from Po to PI' Prior to the closure, the net benefits flowing from the fishery
are the sum of producers' surplus (E+F+G) and consumers' surlus (A+B+C+D). After the
closure, producers' surlus now becomes area B+E and consumers' surlus is reduced to area A.
The net economic loss associated with the closure is therefore C+D+F+G. Compare this
theoretically correct, but often more diffcult to obtain, measure with lost gross revenues from the
closure (G+I). It should be clear that the latter is not a very close approximation of "true"
economic losses. In paricular, although G is a true economic loss, I represents resources that can
be productively invested or utilized elsewhere in the economy.
$
PI
Po
F1 Fo Fish
Figure 2.1. Economic costs of a HAB event in a commercial fishery.
lWe examine the case of the lower section of the traditional backward bending supply curve. This example is relevant to the
case of a fishery managed to maximize economic yield.
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$
p
Mo
Mi
DFi DFo Days
Fished
Figure 2.2 Economic costs of a HAB event in a recreational fishery.
The case of a recreational fishery is represented in Figue 2.2. ln the present study, we have
estimated economic impacts as the product of lost days fished, e.g., due to a fishery closure,
times average daily recreational expenditures. (Note that some recreational fisheries may have a
commercial component, complicating the analysis.) However, this measure does not represent a
tre economic cost of a HAB event because, when expenditues are not made, individua
recreational fishermen incur no costs. Nevertheless, there may be consumer surlus losses,
which represent tre economic costs. Assume that there exists a recreational "market" demand
cure (M) along which fishig success (i.e., catch rate) is assumed to be constant (Anderson
1986). Prior to a HAB event, gross benefits are equa to area A+B+C+D+E and expenditues are
equa to area C+D+E. Net benefits are therefore equa to area A+B. Now assume that an alga
bloom results in the closure of some fishig areas, causing reduced catch rates in areas that remai
open, say, due to increased fishig pressure in the latter.2 Because fishig success declines, area
closures will result in the contraction of recreational market demand for each level of agegate
days fished: for example, Mo shifts down to Mi. At the curent level of fishig expenditues of
2 Other scenarios are certainly possible. For example, a bloom eveRt may result in the closure of an entire recreational
fishery. Closures could be temporal, instead of spatial, limiting the total days fished. Analyses of other scenarios should
be straightforward.
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P, a new equilibrium of DF i aggrgate days fished is established. Followig the logic described
above, net benefits at the new level of days fished are equa to area B. The loss in consumer
surlus from the closure is equal to area A. Note that there is no explicit market for days fished.
The demand for days fished is a "non-market" demand. Estimation of this demand, and therefore
losses to a recreational fishery from a HAB event, requires the application of specialized
economic methods,
2.3 Ex Ante vs. Ex Post Impacts
The point in time at which impacts are measured also must be considered. When a commercial or
recreational fishery is closed ex ante, then the appropriate measure of economic effects is the sum
of lost consumer and producer surluses, as described in the previous paragraphs. However, if
commercial fish have been harested already and the product subsequently prevented from
reachig the market because toxicity exceeds safe levels, then it is appropriate to add harest
costs (area I in Figure 2.1) to the measure of economic losses. Harest costs are included because
they are a measure of resources that have been utilized to no productive effect. Another example
is the occurence of a HAB that affects an operating coasta aquacultue facility that must
subsequently incur additional depuration costs or dispose of tainted product. In both exaples,
there may be additiona costs, such as higher tipping fees, associated with the disposal of the
tainted seafood.
2.4 Nonmalleable Factors
Another source of econoiic costs relates to the ease with which capital or labor can be
transferred to other productive activities. In the econoiic models described above, we assume
that fishing vessels, processing plants, fishermen, etc. will imediately and costlessly switch to
their next best alternative activity. In other words, capital and labor are assumed perfectly
"malleable." However, when exag specific cases, we may find that ths assumption is not
valid. Good examples include empty hotel rooms or slowed restaurant trade resulting from
reduced coastal toursm during a HAB event. As another example, it may be costly for fishermen
to re-rig their boats or steam to another fishig ground when a HAB closure has been declared.
Often, economic impact studies will assume that capital and labor is completely nonmalleable. In
this report, where feasible, we point out any malleability assumptions in the studies that we cite.
2.5 Other Types ofImpacts
We have collected data on other types of impacts. The economic impacts that we measure in the
form of hospitalization costs or monitoring and management costs are tre econoiic costs.
These activities represent the allocation of scarce medical and management resources that
otherwise would be devoted to other health problems or public goals. Interestingly, these
activities help to iitigate the larger "potential" costs of HAB events. For example, monitorig
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might prevent the consumption of toxic seafood, and hospitalization might reduce mortality from
seafood consumption. As a result, there may be net benefits from undertg these activities.
(The existence of net benefits will depend upon a comparson of the total costs and total benefits
of these activities.) Our economic impact analysis does not account for the benefits of these
types of mitigating activities,
2.6 Distribution ofImpacts
Note that some firms in the relevant market actually may benefit from a RAB event. For
example, if a fishing location is closed because of a HAB event, a firm fishing for the same species
in a location that remains open may actually see an increase in price for its product. Although
there is a clear net loss at the market level, local net gai or net losses may occur, and the
distribution of gai and losses may not be urform across all localities. Unless demand is
perfectly elastic with respect to price, consumers will unambiguously lose because of price
increases when supply is reduced as a consequence of a RAB event. Some will even be unwiling
to purchase the fish or shellfish at the new higher price.
2.7 Usefulness of the Economic Impact Measure
Even though our measure of economic impacts is not theoretically correct, it can stil be usefuL.
First, ths measure is very easy to collate and calculate. To our knowledge, there are few studies
that have examed the tre economic costs of RAB events, but many have estimated economic
impacts. Second, ths approach can give an idea of the scale of the problem. If economic impacts
are found to be large in any particular instace, it indicates that we need to take a closer look at
the true economic losses. Third, the geographic location of economic impacts can give an
estimate of where local losses occur, and the type of impact can help us identify the relevant
market. When combined with an understanding of the relevant product or factor market, we may
be able to predict where local net gai might occur. Thus, economic impact analysis can give a
feel for the distributional effects of a HA event.
2.8 Study Interval
We examine a "window" of impacts resulting from events durg the six-year period from 1987 to
1992 to develop an estimate of "anual" economic impacts. There is stil a great deal of
uncertainty about the frequency and spatial distribution of RAB occurences. Because of this
uncertinty, the choice of a shorter period could result in either under- or over-estimates of
economic impacts, depending upon when and where RAB events occured. The six-year period
was the longest period for which we could collect a consistent set of data withn the constraints
of the project. Although our choices about the tig and duration of the study period are
somewhat arbitrar, we believe that it gives us a reasonable interval withn which to develop
credible estimates of the anual economic impacts ofRAB events at the national leveL.
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2.9 Data
Although we made an effort to gather economic impact data as comprehensively as possible, both
the type and amount of available data were limted. Most coastal states have neither
conducted economic analyses of HAs nor collected data that can be used to generate
reliable quantitative economic impact estimates. In many cases, the complex physical and
ecological characteristics of the coastal environment make it difficult to determne whether an
algal bloom is the imediate and relevant cause of certn coastal phenomena such as fish kills,
oxygen depletion, or seagrass dieoffs. Moreover, local experts often differ substantially in their
opinions about the magnitude of economic impacts from HABs.
In Appendix A, we sumarze HAB events reported inormally by individual coastal state
experts to a "national offce" of the ICES Center for the Exchange of Information on Exceptional
Plankton Blooms, located at the Woods Hole Oceanographic Institution. Although the data are
rudimentar in natue, these are the only national compilations of bloom data. In Appendix B,
we present the names and afliations of the individuals with whom we corresponded.
21
Economic Impact ofHABs in the U.S.
3 PUBLIC HEALTH IMACTS
Human sickness and death from eating tainted seafood results in lost wages and work days.
Costs of medical treatment and investigation also are an important part of the economic impact
caused by such events. Individuals who are sick may also experience pain and sufering. In
theory, these feeligs could be quantified in economic terms, but we make no attempt to do so
here. Cases of sickness and death from shellfish toxins are probably the most clearly documented
among the different types of HAB impacts. Because of the high level of public interest in
seafood safety, these cases are recorded by public health agencies in individual states as well as at
the federal leveL.
3.1 PSP, NSP, and ASP Ilnesses
During 1978-87, paralytic shellfish poisoning (PSP) was a minor cause of seafood-borne illness in
the United States, according to data on illness cases reported to the Center for Disease Control
(CDC) in Atlanta (Table 3,l), Only two deaths due to PSP were reported durg this period.
Nishita and Chew (1988) present data on reported PSP cases during 1979-87 in the four Pacifc
Coast states: Alaska, Washigton, Oregon, and Californa. These data show that in the more
recent years there were far fewer PSP cases than in the earlier years, especially in Californa. A
separate report from the U.S. Food and Drug Administration identifies shellfish poisonig cases
for the 1973-92 period (Rippey 1994). The reported number ofPSP sickness cases vares widely
across these sources. For example, the CDC reports no PSP cases in 1987, but Nishitan and
Chew (1988) report seven PSP cases in Alaska in that year. Because reports to CDC are
voluntar, we believe that the CDC database underestimates the number of PSP sickness cases in
any year.
For the 1987-92 period, we show in Table 3.2 our estimate of the public health impacts resultig
from PSP, NSP, and ASP. Impacts ranged from $ll,098 to $4.84 millon, with an average cost of
$1.02 millon. The ilness and death cases presented in Table 3.2 were compiled from the
information in Appendix A and the tables in Nishitani and Chew (1988) and Rippey (1994).
A few cases of respiratory complaints and eye irrtation are reported in Appendix A.
Aerosolized toxins, such as those from Gymnodinium breve in Florida, may well have caused
some of these cases. However, these complaints are not included in Table 3.2 because of the
difficulty in quantifying the number of cases as well as their impacts.
3.1.1 Ilness Costs
We adopt the estimates used by Todd (1995) for PSP illnesses (C$1500 (1993 Candian dollars)
per reported illness and C$1l80 (1993 Canadian dollars) per uneported illness) to estimate the
costs offoodborne disease due to PSP, NSP, and ASP in the United States. Unreported illnesses
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Table 3.1: I1ness Due to Natural Seafood Toxins in the United States
Reported to the Center for Disease Control
Ciguatera PSP
Year Outbreaks Cases Ontbreaks Cases
1978 19 56 4 LO
1979 21 97 1 3
1980 l5 52 5 116
1981 30 219 1 -
1982 8 37 - 5
1983 13 43 - -
1984 l8 78 - -
1985 26 l04 2 3
1986 l8 70 - -
1987 11 35 - -
Total 179 791 13 137
NOTE: An outbreak is an incident involving two or more sick individuas, and a case is a single
ill person. Source: F. E. Ahed (ed,), 1991. Seafood Safety, p. 89.
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Table 3.2: Shellfish Poisoning Impacts from Harmful Algal Blooms
Impactsb
Year State Type Reported Unreported" (ODDs)
1987 Florida PSP 3 27 $633
North Carolina NSP 47 423
Alaska PSP 7 63
1988 Washington PSP 5 45 $89
Alaska PSP 3 27
1989 New York PSP 2 l8 $44
Californa PSP 2 l8
1990 Massachusetts PSP 8 72 $4,836
Alaska' PSP 2 l8
1991 Californa PSP 11 99 $488
Washington/Oregon ASP 28 252
Alaska PSP 5 45
1992 Alaska PSP 1 9 $11
Av\!. 21 185 $1,016
'Reported illnesses are estimated to be 10 percent of all ilnesses due to HAB events (Todd, pers. comm_,
1997).
bEconomic impacts are estimated at $1,374 per reported illness, $1,081 per uneported illness,and $4.73
milioo per death (2000 dollars). (Please see the text for references.) Values in the table are reported in
2000 dollars.
'Includes one mortlity in Alaska.
Sources: Appendix A, Nishitani and Chew (1988), and Rippey (1994).
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do not, by definition, incur medical and transportation costs. Ilness costs include lost
productivity due to sick days, costs of medical treatment and transportation, and costs
associated with investigations for the cause of the sickness.3 The figues we use are downward
revisions of earlier estimates published by Todd (1989a, 1989b). Because cost information is not
available specifically for NSP or ASP ilnesses, we apply the cost estimates for PSP cases to
these illnesses.
Durg the study period, one person died from PSP in Alaska in 1989. Our estimate of the
economic impact per death is based upon labor market studies of the implicit value of lie
(Viscusi 1993). Such studies have been used to develop estimates of both the value of life and
the costs of nonfatal illnesses from empirical data that relate wage premiums to job risks. These
studies suggest that there is a rage of the value of life from $3 to $7 millon, and we use an
estimate of$4 million for the one life lost in Alaska (l993 dollars).
3.1.2 Unreported Ilnesses
We know that a substantial number of illnesses caused by HABs remai umeported. However,
no reliable method has been proposed for extapolating from the reported cases to estimate the
tre number of ilnesses. Todd (1989a) proposed multiplying the number of reported cases by a
factor of ten to estimate the total. Until better information on uneported illnesses is available, we
believe that the most conservative way to report our fidings is to provide cost estimates based
upon actul, reported poisoning episodes, using Todd's multiplier, without additional arbitrary
adjustments.
Our estimate of public health costs of uneported illnesses is much lower than the anua PSP
costs of$2.31 millon (2000 U.S, dollars) estimated for the United States by Todd (1989a), who
employed much larger estimates of costs per illness (C$6000 in 1985 Candian dollars) durg a
different period (1978-82). Todd's calculation also accounts for the likelihood that umeported
cases are very likely to be less serious than reported cases, implying that there may be lower
associated medical treatment and investigation costs. Followig Todd's lead, we multiplied the
number of reported cases durg 1987-92 by 10, and weighted reported illnesses by the lugher
cost per illness. Our anua averae estimate of the public health impacts due to shellfish
poisoning was $1.02 million (2000 U.S, dollars), a value that is substatially less than Todd's
(1989a) estimate.
3 Labor market studies have also been used to estimate the implicit value of nonfatal injuries. These estimates fall in the
range of $25 to $50 thousand (Viscusi 1993). Other methods for valuing morbidity effects, such as survey techniques,
result in estimates that range from $700 to $3500, which are more consistent with Todd's estimates of illness costs (e.g.,
Viscusi et at. 1987). Note, however, that survey methods are very sensitive to perceptions of risks.
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3.2 Ciguatera
Another problem caused by toxic algae is the syndrome called cigutera fish poisoning (CFP),
which is linked to dioflagellate toxins that move though the tropical food chai to the higher
predators. Although cigutera techncally is not a "bloom" phenomenon, we investigate it
because it originates with toxic microalgae and has signficant economic and public health costs
(e.g. Raelis 1984). In Table 3.3, we report the number of human sicknesses due to cigutera
poisonig in Florida (Weisman, pers. comm., 1997), Hawaii (Hokama, pers. comm., 1994),
Puerto Rico (Tosteson, pers. comm" 1997), the U.S. Virgi Islands (Tosteson, pers. comm.,
1997), Guam (Haddock, pers. comm., 1997), and the Marshall Islands (Ruff 1989). We develop
our own estimates of sicknesses in Palau, Micronesia, the Northern Marana Islands, and
American Samoa based on the incidence of cigutera ilnesses in the Marshall Islands4 To be
consistent across all regions, we adopt Todd's (1995) estimate of the illness costs (1993
Canadian dollars) due to cigutera of C$1100 (US$L,007 (2000 dollars)) per reported case and
C$750 (US$687 (2000 dollars)) per uneported case. This may result in an overestimate of
cigutera costs in Puerto Rico, as Tosteson (pers. comm., 1997) thnks that the costs per
reported case are lower in Puerto Rico-about US$532 per reported case (2000 dollars).
Experts differ on the ratio of reported to uneported illnesses in each jursdiction, We use the
followig ratios: 1:4 for Florida (Weisman, pers.comm., 1997); l:l0 for the Marshall Islands,
Palau, Micronesia, the Nortern Marana Islands, and American Samoa (our own estimate); and
1 :100 for Hawaii, Gua, Puerto Rico, and the U.S. Virgi Islands (Tosteson, pers. comm" 1997
and our own estimates). The economic impact vares from $l7,n millon to $24.28 miion per
year, averag $21.9 million on an anua basis. It is clear that the economic impacts due to
ciguatera poisoning account for most of the public health impacts from toxic algae. Nevertheless,
we may not be estimating the tre scale of the problem. Raelis (1984), for example, notes that
ciguatera poisoning often occurs outside of tropical areas due to exports of tropical fish to other
jursdictions. Furer, some seafood companes now purchase insurance to cover potential
ciguatera-caused liabilities, and there are also cour costs associated with cigutera-related
litigation, which has become quite common. We have no estimates of these costs, so agai our
estimates are conservative.
4 We include the Marshall Islands, Palau, and Micronesia in our L1.S. estimate because all three nations have a "compact of
free association" with the United States and all three are heavily dependent upon the United States for foreign aid. The
Northern Mariana Islands is a Commonwealth in political union with the United States, much like Puerto Rico. American
Samoa is a territory of the United States much like the U.S. Virgin Islands.
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4 COMMERCIA FISHERY IMP ACTS
In Table 4.l, we present HAB events for which commercial fishery impact information was
obtained. Most of these events are described in further detal in Appendix A. Anual impacts
var from $13.82 to $25,88 million. Average anual impacts are $l8.95 millon (2000 dollars).
4.1 Wild Harvest and Aquaculture Losses
We estimate total commercial harest losses durg a November 1987 to Februar 1988 G. breve
bloom in North Carolina (Tester et al., 1991) to be $8.27 million. We estimate total impacts of
$17.64 million arsing from the deaths offared Atlantic salmon killed by phytoplanon blooms
in Washington in 1987, 1989, and 1990 by multiplying the market price of sahon by the weight
of lost fish, Two commercial shellfishig interests, Taylor United and the Coast Oyster
Company, estimate a combined $l.22 millon loss incured durg a shellfish recall resultig from
the detection of PSP toxins in Washigton State shellfish. Several other HAB events are further
clarified in the following sections,
4.1.1 Brown Tide Impacts on Bay Scallop Harvests in New York
In i 985, a brown tide bloom first appeared in the Peconic Estuar, Long Island and has
reappeared since on a regular basis. The most significant economic impact was the eradication of
the Peconic's nationally signficant bay scallop stocks. The Sufolk County Deparent of
Health Services estimates that the i 982 value of commercial landigs of bay scallops from the
Peconic Estu was $12.55 milion (SCDHS 1992). (A multiplier may have been used to arve
at this estimate.) However, Tettelbach and Wenczel (1993), citing a report by Rose (1987),
estimate the value of commercial bay scallop landigs from New York waters for the years
preceding the 1985 brown tide incident at a much lower level, averag $2.60 million (2000
dollars) (Table 4.2).5 In the only study we are aware of that looks at lost surluses (instead of
lost sales) from a HAB event, Kah and Rockel (1988) estimate anual total consumers' and
producers' surlus losses from the elimination of bay scallop populations in Long Island waters
at a very similar level of $3.27 milion (2000 dollars).
5 Landing values are measured at the average U.S. bay scallop price of S4.91Ilb. (1984 dollars). The average price was
$4.46Ilb. in 1985. Estimates of lost output have been converted into 2000 dollars in the table.
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Table 4.1: Commercial Fishery Impacts*
(2000 $U.S. milions)
Total
Estimated Annual
Year Incident Type State Impacts Estimated
Impacts
1987 Harest losses of clams, NSP Nort Carolina 8.27
oysters, scallops, and finfish
Lost sales of recreational fish CFP Hawaii 3.17
Bay scallop mortality BT New York 3.27
Fared fish kills HAB Washington 0.75
( Cypress
Island)
Bitter crab disease in taer PD Alaska 0.l6
crabs
Closure of surf clam fishery PSP Alaska 5.72 21.3
1988 Lost sales of recreational fish CFP Hawaii 3.l7
Bay scallop mortality BT New York 3.27
Bitter crab disease in taer PD Alaska 0.l6
crabs
Closure of sur clam fishery PSP Alaska 8.29 l4.89
1989 Fared fish kills HAB Washigton l1.0l
(Cypress
Island)
Lost sales of recreational fish CFP Hawaii 3.17
Bay scallop mortality BT New York 3.27
Closure of surf clam fishery PSP Massachusetts 0.13
(Georges
Ban)
Lost value of unprocessed PSP, Alaska 1.49
geoducks and bitter crab PD
disease in taner crabs
Closure of sur clam fishery PSP Alaska 6.l5 25.27
1990 Fared fish kills HAB Washington 5.88
(Central Puget
Sound)
Lost sales of recreational fish CFP Hawaii 3.17
Closure of surf clam fishery PSP Massachusetts -0.01
(Georges
Ban)
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Table 4.1: Commercial Fishery Impacts (Continued)
Total
Estimated Annual
Year Incident Type State Impacts Estimated
Impacts
1990 Bay scallop mortality BT New York 3.27
Lost value of unprocessed PSP, Alaska 1.49
geoducks and bitter crab PD
disease in taner crabs
Closure of surf clam fishery PSP Alaska -0.39 13.40
1991 Lost sales of recreational fish CFP Hawaii 3.l7
Bay scallop mortlity BT New York 3.27
Closure of surf clam fishery PSP Massachusetts 0.23
(Georges
Ban)
Harest losses of razor clams ASP Oregon 0.11
Lost value of unprocessed PSP, Alaska 1.49
geoducks and bitter crab PD
disease in taer crabs
Closure of sur clam fishery PSP Alaska 8,04 l6.3l
1992 Lost sales of recreational fish CFP Hawaii 3.17
Bay scallop mortality BT New York 3.27
Product recall costs for one PSP Washington 1.2
firm
Closure of surf clam fishery PSP Massachusetts 0.26
(Georges
Ban)
Harest losses of razor clams ASP Oregon 0.21
Lost value of unprocessed PSP, Alaska 1.99
geoducks; bitter crab disease PD
in taner crabs; and PSP
event in Dungeness crab
fishery
Closure of surf clam fishery PSP Alaska 9.14 19.25
'Not included are unown impacts from unexploited resources of surf clams and tellin in the
Berig Sea and roe-on-scallop from Georges Ban (see the text for more detail), Key to type of
harl algae bloom: ASP=amesiac shellfish poisonig; BT=brown tide; CFP=ciguatera fish
poisoning; HAB=harful algae bloom (not otherwise identified); NSP=neurotoxic shellfish
poisoning; PD= paralytic dinoflagellate; PSP=paralytic shellfish poisoning.
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Table 4.2: New York Commercial Bay Scallop Landings (1980-84)
Bay Scallop Landed Value Landed Value
Yea Landings ($4.911Ib)
(OOOlbs) (1984 $ millons) (2000 $ millons)
1980 425 2.09 3.43
1981 245 1.0 1.97
1982 500 2.46 4.04
1983 165 0.8l 1.3
1984 275 1.5 2.22
Average 322 1.58 2.60
Source: Tettlebach and Wenczel (1993)
Because bay scallop reseeding efforts have been unsuccessfu, and actu bay scallop landigs
between 1986 and 1991 from New York waters were negligible in comparison with landings
before the brown tide incident (Tettelbach and Wenczel 1993), we assumed the commercial
fishery impact occured every year durg our study interval. We note that although the Kah
and Rockel study employs the theoretically correct methodology for valuig economic losses, the
measure of lost surluses is not compatible with the other data on lost sales that we have
collected for ths category. In this specific case, however, the measure oflost suipluses is almost
exactly the same size as the measure of lost sales, 
6 and we use an estimate of $3.27 million for
economic impacts in ths fishery.
Brown tide also may have affected oyster production in the Peconic system. The estimated
commercial landigs of oysters in the Peconic Estuar were about $5.84 milion in 1982,
plumeting to less than $14,000 per year in 1987 (SCDHS 1992). However, it is unclear, first,
whether these losses were due solely to brown tide and, second, whether they occured on an
anual basis. They therefore have not been included in our tabulations,
4.1.2 ASP Impacts on Razor Clam Harvests in Washington and Oregon
Since the autu of 1991, the occurence of ASP has adversely affected the priarly recreational
shellfisheries for razor clams in Oregon and Washington. According to the Oregon Deparment of
Fish and Wildlife, an average of 58,000 lbs. of razor clams (at $3.65/lb.) were harested
commercially on an anual basis before closures were imposed. This implies that potential
anual harest losses are $0.21 million for the commercial market (2000 dollars). Because the
6 There is no reason to believe that this will always be the casco The relative sizes of lost surpluses and lost sales will
depend upon the elasticities of demand and supply.
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ASP events occured durng the fall season of 1991, we use 50 percent of this impact estimate in
1991 and the ful impact estimate for 1992. In Washigton State, the commercial harest of razor
clams was 23, 1 03 lbs. in 199 1. 7
4.1.3 Alaskan Shellfish Resources
Ralonde (1998) estimates that the cost of PSP to Alaska in terms of lost value in commercial
fisheries, closures of recreational shellfishig beds, and mouse bioassays is on the order of $LO
millon per year (1998 dollars). With respect to commercial fisheries impacts, Ralonde estimates
three types of costs: geoduck processing effects, bitter crab disease (BCD) in taner crabs
(caused by dinoflagellate parasites), and a 1992 PSP event in Dungeness crabs. Ralonde
calculates the 1996 lost value of geoducks due to the fact that they have to be processed to
remove the viscera, where PSP toxi is concentrated. This reduces their value. Anual lost
income in 1996 was $1.2 million (2000 dollars). Because the sales of geoducks in 1996 were
approximately equal to the six-year average, we use the 1996 estimate of lost sales as an anual
estimate for the period 1989-92 (the fishery began in 1989). Ralonde estimates the lost value in
1996 oftaner crabs due to BCD at $163,209 (2000 dollars). We assume that this is the anual
lost value due to BCD durng 1987-92. Finally, in 1992, a PSP event resulted in a $500,783 loss
of sales in the Dungeness crab fishery (2000 dollars).
4.1.4 Ciguatera Impacts on Sales of Recreational Fish in Hawaii
Ciguatera impacts in Hawaii are estimated at $2.75 million per year (l994 dollars) based on the
dollars per lb. offish unarketable due to ciguatera (Hokaa, pers. comm., 1994). This estimate
represents potential losses of retail sales from catches made mainy in sport fishing. Note that, in
this case, the value of sport fishing recreation per se is not dimshed, but the retal sale is lost.
If the act of selling a caught fish is a valued par of the sport fishg experience, then the
nonmarket value of recreational fishing may also be reduced. It is difficult, however, to estimate
the latter impact.
4.1.5 West Coast Harvesting Delays
In Californa, Oregon, and Washington, Nishitani and Chew (1988) argue that shell fishig
closures due to PSP have resulted maily in haresting delays, and not in significant fiancial
losses. Our discussions with several New England commercial shellfishig companes suggest
that short-term closures cause few operational problems and that long-term closures cause
7 No further commercial harvest information was received. However, we were told that most of the razor clams in
Washington are found at public beaches where commercial harests are prohibited.
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financial losses only infrequently, e.g., once in every ten years.8 However, the situation may be
quite different in New England because there are many more independent clam diggers who may
be affected by shellfish closures (Shumway et aL. 1988). This is a complex area of impact needig
fuher investigation. Although these other impacts may exist, the only data we have at present
on commercial fishery economic impacts from HABs are due mainly to exceptiona events lie
those presented in Table 4.1.
4.1.6 Inconclusive Impacts on Shellfsh Harvests in Maine and Massachusetts
Because of inconclusive information, Table 4.l does not present all of the potential commercial
fishery losses caused by HABs durg the 1987-92 period. For Maine and Massachusetts, we
tried, unsuccessfully, to infer fishery impacts from a relationship between the frequency of
shellfish closures due to PSP (or numbers of shellfish samples testing positive for PSP) and
anual harest values. For example, in Maine, 1988 was the year with the greatest number of
HAB closures, and 1992 was the year with the least (Lewis, pers. comm., 1994). Table 4.3
presents the landed values of the four major shellfish species9 in Maine in those two years.
Lower landed values ($l2.80 million) occured in 1992 than in 1988 ($16.20 milion).io Clearly,
in Maine, shellfish closure frequency is not a good predictor of economic impacts.
Table 4.3: Landed Values of Shellfish in Maine (1988 and 1992)
(millons of dollars)
Shellfish 1988 1988 1992
1992
(Constat $) (2000$) (Constant $) (2000$)
Clams 6.83 9.86 7.86 9.56
Mussels 2.l7 3.13 1.02 1.4
Quahogs 1.86 2.68 1.46 1.8
Oy sters 0.38 0.55 0.14 0.17
Total 11.24 16.20 10.48 12.80
Source: Lewis, pers. comm, (l994)
8 In Washington State, one shellfish grower stated that a worst-case scenario would involve a 3-week PSP closure, costing about
$27,000 (1994 dollars), which might happen once every 10 years. An annual PSP closure, from 1 July to 1 November, of pink
scallops that are marketed whole costs $58,000 (1994 dollars). However, several other commercial fishermen indicated to us
that there was not much impact from PSP closures.
9 In Maine, sea scallops must be processed at sea, and only the adductor muscles are landed and marketed. Because scallop
adductor muscles do not accumulate PSP toxins, scallops are not affected by HAB closures.
10 Total landings in these years exhibit the same pattern.
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A simlar situation applies to Massachusetts. The Massachusetts Division of Marine Fisheries
provided us with data on the state's anual PSP tests (Whittaker, pers. comm., 1994). Table 4.4
presents the number of shellfish samples tested, the ratio of the samples with greater than
80/lg/l00g ofPSP, and the anua commercial shellfish landig values in Massachusetts from less
than 3 miles offshore for the 1987-92 periodii The years 1987-90 show the highest sample
proportions of PSP contamination. However, a comparison with anual shellfish landig values
fails to reveal a relationship between Jower landed values and more frequent detection of PSP
contaminated samples. Likewise, the numbers of containated samples alone do not indicate the
severity or duration of HAB events.
Maine and Massachusetts offcials record neither acree closed to shellfishig due to HAB
events nor shoreline miles afected by HAB closures. Records of shellfish closures or openings
are complex, includng parial extensions of closures or the reopenig of already closed areas,
Furher, Maine has 50,000 acres of potential shellfish beds, but 90 percent of the state's total
clam harest is produced on about 10 percent of its acreage. Therefore, we conclude that it is not
feasible to estimate commercial fishery impacts reliably from closure acreae or shoreline miles
affected by HABs.
Finally, the co-occurence of high coliform counts or of shellfish santation problems with HABs
makes it diffcult to factor out the economic impacts that are due solely to HAB events. For
example, samples collected from cert areas in Massachusetts in 1994 showed high PSP levels,
waranting shellfish closures. However, the same areas had been closed already due to lugh
coliform bacteria levels.
4.1.7 Impacts from the Application of Health Standards
Maine oyster faners and shellfish dealers lost $0.72 million in 1988 when their shipments of
oysters tested positive for DSP by The Netherlands (Shumway 1990). However, the results of
further analyses of the same shipments tested negative for DSP. Because the shipments were
presumabJy uncontainated, ths economic impact was not included in our analyses.
4.1.8 Impacts of Wild Fish Kils
Concerns are sometimes raised in the topical literatue about "indirect" commercial fishery
impacts, such as wild fish kills and lost opportunities to harest untapped shellfish resources.
Wild fish kills were reported in many states (Appendix A), but for numerous reasons, measurng
i 1 The shellfish landing values exclude shrimps, crabs, squid and lobsters that are not usually affected by HABs.
(Appendix E presents annual shellfish and finfish landing values for all coastal states.)
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Table 4.4: Massachusetts State PSP Testing Results
Ratio of Total# of Samples CommercialYear Species Samples with PSP :; LandingsTested 8Ol1g (OOOs)
1987 Mussel 285 0.000 l6,7l0
Sur Clam 49 0.388
Ribbed Mussel 26 0.000
1988 Mussel 36l 0.047 l4,834
Softshell Clam 105 0.l24
Sur Clam 44 0.386
Ribbed Mussel 38 0.000
Quaog 7 0.000
1989 Mussel 37l 0.070 IL,765
Ribbed Mussel 76 0.000
Sur Clam 69 0.406
Softshell Clam 67 0.164
1990 Mussel 396 0.043 l2,243
Softshell Clam 86 O.1L6
Sur Clam 78 0.513
Ribbed Mussel 58 0.000
1991 Mussel 348 0.003 12,008
Sur Clam 26 0.l92
Ribbed Mussel 24 0.000
Softshell Clam 20 0.000
1992 Mussel 389 0.OL8 l4,057
Sur Clam 48 0.083
Ribbed Mussel 24 0.000
Source: Whtter, pers. coin. (1994)
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the economic impacts of such kills is problematic. First, many of these kills involve so-called
"trash" fish, which have no market value by definition. Even local officials who regularly
investigate fish kil events mae no attempt to estimate the economic impacts of kills of trash
fish. Second, the ultimate causes of fish kills often are unclear, makg it difficult to attribute
them to an algal bloom12 Fish kills can be the result of oxygen depletion (due to high fish
populations, high temperatures, or HABs), disease, bacteria, nutrients, chemical spills, or some
combination of these or other factors. Potential economic impacts associated with recent fish
kills (primarily menhden) attributed to the dinoflagellate Pfiesteria ar not included in our
estimates because of the uncertainty in attributing fish kills to this organsm prior to 1992. In
more recent years, the economic impact from outbreaks of Pfiesteria-like organsms has been
significant. For example, Seiling and Lipton (l998) estimated that lost sales of Maryland seafood
(of all types) due to a fish kill linked to Pfiesteria during the sumer of 1997 amounted to $45.70
million (2000 dollars). These lost sales were due entirely to the "halo effect."
4.1.9 Inconclusive Evidence of Seagrass Dieoffs in Florida
Gorte (1994) estimates that $l6.10 million per year (2000 dollars) is the potential income loss
due to the substatial decline in pink shrimp harests from Florida Bay, hypothesized to be the
result of a seagrass dieoff due, in tu, to blooms of blue-green algae. Using an economic
multiplier, total impacts were estimated at $36.90 millon. However, there is substantial
uncertainty about the real causes of the seagrass dieoff and its line to blue-green algae (Gorte
1994; Hunt, pers. comm., 1994). Furer, economic recession and foreign competition within the
shrmp industry are other plausible reasons for the industry's decline. Here agai our loss
estimates do not include these uncertain impacts.
4.2 Untapped Fisheries
Some curently untapped fishery "resources" may have potential values that could be realized in
the absence of HAB events, Examples include the shellfish resources of coastal Alaska (e.g.,
Neve and Reichardt 1984) and surf clams on Georges Banle However, in order for such "lost
opportunities" to be counted legitimately as economic impacts, these fisheries must be
demonstrated to be commercially viable. A plausible alternative reason for why these resources
are untapped is that they are not now profitable fisheries. These issues are discussed in more
detail below.
12 During 1980-89, NOAA found that 12 out of 22 coastal states reported more than 50 percent of all probable fish kills
(NOAA 1991b). Maine, New Hampshire, Massachusetts, Pennsylvania, Delaware, North Carolina and South Carolina
reported between 76 and 100 percent of probable fish kills. Each fish kill event was attributed to one or more of 20
possible causes (e.g., low dissolved oxygen, temperature, HABs, wastewater, and eutrophication, pesticides, among others).
During the 1980-89 period, the numbers of fish kill events attibuted at least in par to HABs were: New York (2), Virginia
(2), Florida (2), and Texas (8). States like New Jersey, North Carolina, and Washington did not identify HA as a direct
cause for any of their fish kill events.
36
Economic Impact ofHABs in the U.S.
4.2.1 Alaska's Untapped Shellfish Resonrces
ln Table 4.5, we report on the commercial status of Alaskan molluscan shellfish resources.
Curent yields are more than one milion pounds per year generatig approximately $4.33 millon
in gross revenues (2000 dollars). The status of Alaskan shellfish stocks and their commercial
signficance are sumarized anualy by the Alaska Deparent of Fish and Game,13 and they
have been reviewed by Fostef-E-1-991), S6li etaLE-l-98J),-and-Jewett-and-Feder-(l-981). ..All
commercial shellfish except for the Pinto abalone, chitons, and limpets are threatened by PSP
contamination (Foster 1997). Recently, some species have tested positive for ASP. Yields of
razor clam, weathervane scallop, and geoduck (see below) are processed to remove portions of
the aial that may be toxic. The Pacifc oyster, blue mussel, and Pacific littleneck clam are
cultued species for which bioassays are conducted as they are produced. Black katy chitons, fat
gapers, guboot chitons, and limpets are al subsistence fisheries for which there is no major
commercial market. Historically, significant quatities of butter clams (l946) and cockles (1962)
were produced off the Alaska coast. More recently, however, only mior harests have taen
place, and, although small markets for these species exist on the west coast of the United States,
it is not clear that historical levels of production could be commercially viable (Ostasz,
pers.comm., 2000, 1994). A 1977 NMFS surey of the southeast Berig Sea revealed signficant
quatities of great Alaskan telln clams (Lutz and Incze 1979; Nelson et aI, 1979), but there is no
known market for tellin in the United States.
The 1977 NMFS surey also revealed potentially exploitable quantities of the Alaskan surf clam
(Spisula polynyma) in the Berig Sea. Hughes and Boure (198l) estimate an anua maum
sustainable yield (MSY) of25,Ol7 metrc tons for this resource. The Alaskan discovery came at
a crucial time in the U.S. surf clam market, as the mid-Atlantic surf clam (Spisula solidissima)
resource had just suffered a steep decline due to an oxygen depletion event in the New York
Bight, and the price of surf clams trpled durng 1976 and remaied high for the next ten years as
the resource recovered. In 1979, Lutz and Incze (1979) valued the anua potential sustainable
yield of surf clams at $28-47 millon (2000 dollars). However, only small quatities of Alaskan
surf clams have been harested since the 1977 stock assessment was conducted.
The reasons for the lack of a viable Berig Sea surf clam fishery ar not completely clear, but
several hypotheses have been put forward. First, some of the sur clam resource has tested
positive for PSP. Neve and Reichardt (1984) argued that persistent PSP was largely responsible
for the non-exploitation of ths resource. However, Ostasz (pers.comm" 2000), citig Hughes
and Nelson (1979), notes that only a small proportion (2 out of 185 samples) had detectable
levels of PSP toxi in i 978, and no samples tested positive for toxi in 1977. Because Alaska
13Shellfish statistics are updated annually at http://www.cf.adfg.state.ak.us/geninfo/shellfsh/shelhome.htm#species.
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has not "classified" the Berig Sea accordig to NSSP standards, haresting the resource is
curently infeasible.14
A second plausible reason for the lack of production may be that the fishery is not commercially
viable (Foster 1997). Certainly, production of surf clams at the MSY level is likely to drve price
down in the U.S. surf clam market, thereby decreasing the profitability of the fishery or even
precluding its initiation. Furter, the structue of the market may present an entry barer into
this fishery. With respect to the mid-Atlantic sur clam fishery, Weninger (l998:755) states that:
"(t)he perishable natue of the clams, scheduling of processing activities, and the need to
coordinate with downstream buyers requires tight vertical coordination between fishers and
processors." Without the establishment first of a costly processing infrastrctue, and
considering the difficulty of distrbuting product from a remote location, it may be diffcult for a
surf clam fishery to get established in Alaska, Finally, Ostasz (pers.comm" 2000) suggests that
seasonal closures might be imposed on a potential surf clam fishery to protect juvenile spawng
grounds for King crab. It is possible that the tig or area coverae of a closure would increase
the cost of surf clam fishing to levels that might not support a fishery.
Finally, there has been concern expressed over the potential impacts on walrus stocks from the
haresting of Alaskan surf clams, which are an importt food source for walrus (Stoker 1979 as
cited by Foster 1997). This concern might express itself in opposition from environmental
interests should a commercial operation be initiated. The Alaskan Eskimo Wals Commssion
has the responsibility for protecting surf clam resources in walrus habitat (Ostasz, pers, comm.
2000).
Even in the face of uncertn business factors and potential environmenta opposition, reports
continue to surface stating that a $50 million Alaskan surf clam resource is precluded by HABs.
We do not have critical inormation on the cost of producing Alaskan surf clams, but we can
hazard a rough estimate of the economic impacts associated with a hypothetical Berig Se
fishery. To accomplish ths, we make the following assumptions:
. The only obstacle to commercialization of the Alaskan surf clam resource is the potential
presence of shellfish poisoning (PSP or ASP);
. The Alaskan surf clam is a close substitute for the Atlantic surf clam and will compete in the
same market;
. Production of the Alaskan (and Georges Ban) resources at estimated MSY levels is likely to
affect the price of sur clams in the U.S. market (by drving it down);
14 Classification might occur if significant commercial interest arose. Foster (1997) notes that the turnaround time on the
mouse bioassay from Alaska's one shellfish testing lab may be too long for a resource that quickly spoils.
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· There is no expansion of existing demand such .as iight occur, for example, though the
opening of an export market;
. An Alaskan surf clam fishery is financially viable and will produce at MSY;
· For the years 1989-l992, an Atlantic sur clam fishery on Georges Ban is fiancially viable
and produces at the 1988 level of yield;
. Fishermen in the iid-Atlantic fishery will continue to harest the same amount of Atlantic
surf clams as before.
If we multiply the curent market price times the hypothetical yield of Alaskan and Georges
Ban sur clams to obtain "lost gross revenues" due to PSP, the value of yields of Alaskan,
Georges Ban, and mid-Atlantic surf clams will al be too high. To arve at a more realistic
price, we adapt and modify the specification embodied in a demand model for the mid-Atlantic
surf clam fishery which was developed by Artage (1985).15 We fit the model using monthly
data from 1991-98 to estimate updated parameters that describe how the price of surf clam
varies with the quantity supplied to the market (and other related variables). 16
The results of this analysis are presented in Table 4.6. Using anua yield and anua avere
price data for 1987-92, we estimate the price of sur clam (colum (D)J that would have
resulted from the production of iid-Atlantic sur clams at historical levels, Alaskan surf clams at
the MSY level, and Georges Ban surf clams at the 1988 level (the latter only for the years of
closure: 1989-92). We then use ths price to calculate the potential "lost" gross revenues for
both Alaskan (colum (F)J and Georges Ban (colum (G)J sur clams due to HABs closures,
Note that the "gai" to the Alaska and Georges Ban surf clam fisheries actually results in a
decline in gross revenues in the mid-Atlantic fishery (compare colum (EJ with colum (CD. In
order to calculate the "net" contribution to gross revenues in the national sur clam market that
results from expanded supply, we apportionl7 the reduced gross revenues in the mid-Atlantic
15 Armitage's (1985) model is developed with quarterly data from 1976 to 1980. Note that one of our assumptions assumes
that industry structure remains unaffected. As price declines, we might expect some marginal fishermen to exit the mid-Atlantic
fleet. With a change in fleet size, it is possible that less product will be harvested in the mid-Atlantic, thereby buoying the
price. Further, we do not know the cost structure for an Alaskan operation. Another importt consideration that we ignore here
is the radical change in the mid-Atlantic's management regime in i 990 from a time-restricted, quarerly TAC regime to an ITQ
regime. As a consequence, the application of the model to the pre-1990 surf clam market may be questioned.
16 Aritage's model is an ex-vessel "price prediction" model that does not factor out supply effects explicitly. The model
tests the hypotheses that surf clam price is a function of surf clam landings, the demand for ocean quahogs, the demand for hard
clams, and the demand for oysters. The modified model specification and the parameter values used here are available from the
authors upon request.
17 The decrease in mid-Atlantic revenues is apportioned using the relative ratio of yield in each fishery. For example, the
Alaskan share is equal to 0.97 ~ 25,017mtJ(25,017mt + 711mt).
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Economic Impact of HABs in the U.S.
fishery across both the Alaskan (colum (I)) and Georges Ban column (J)) fisheries. Note that
this apportioning is conducted purely for accountig purposes at the national level. For
example, in I 987, the gross benefit to Alaska of a sur clam fishery is roughly $23 million, but
the contribution of an Alaskan fishery to the nation, given that demand is downward sloping, is
only about $6 milion.
In 1990, the decline in gross revenues in the mid-Atlantic fishery is so substantial, that the "net"
contrbution to total U.S. gross revenues from landings in the other fisheries is negative, Durg
the study period, the averae HABs-related loss in gross revenues to the hypothetical Alaskan
surf clam fishery is approximately $6.l6 million and to the hypothetical Georges Ban surf clam
fishery is $0.16 milion (2000 dollars). We believe that these are much more realistic estimates
than the $50 million that is typically discussed.
4.2.2 Georges Bank Surf Clam Fishery
The Georges Ban surf clam fishery has been closed since 1989 due to high PSP levels.
Assuming this is a viable commercial fishery, the opportunity costs of closing the fishery could
be viewed as an estimate of the economic impacts ofHAs. In 1990, the combined New England
and mid-Atlantic surf clam quota allowed by NMFS was 230 metrc tons, valued at only $2.94
millon (2000 dollars). Note that because individua surf clam quotas are not site-specific,
fishermen can switch at low cost to other regiona locations, e.g., offshore New Jersey. As
explaied in section 4.2.1, we estimate averae anua economic impacts to be $0.l6 milion
(2000 dollars).
4.2.3 Georges Bank Roe-On Scallop Fishery
The traditional offshore scallop fishery in the U. S. sector of Georges Ban has not been affected
by HABs because the product, the scallop adductor muscle, does not concentrate PSP toxis.
However, the potential may exist for the development of a "roe-on-scallop" fishery (adductor
muscle with the gonad attached), because this product is highly regarded in much of the world.
The roe can accumulate PSP toxins, so such a fishery would be affected by the presence of the
toxins. A fishery for roe-on-scallops has existed in the Canadian sector of Georges Ban since
the late 1980s. The fishery is relatively smal, involving about 5,000 lbs. of roe-on-scallop
landings per week (K. White, pers. comm., 1998). The fishery was closed from about 1992 to
1994 because of high levels of PSP toxins. The roe-on scallops are not marketed in Canada but
are sent overseas, briging in substantially more revenue per pound than the adductor muscle
alone does (K. Whte, pers.comm., 1998).18
18 Thc unit price of the roe-on product is about $CI5/lb overseas. In Canada, the exvessel value of the adductor muscle
alone is about $C 8-9/lb (K. White, pers. camm., 1998).
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It is unown to what extent a similar roe-on-scallop fishery would be commercially viable in the
United States sector of Georges Ban. There is insufficient information about the international
demand for the product or of the logistics and expense of toxin testing protocols. We therefore
do not consider it meanngful to assess the economic impact of lost opportunities in this fishery
because of the lack of quantitative information. Neverteless, it is conceivable that shellfish
poisoning is restricting the development ofa U.S. roe-on-scallop fishery.
4.3 Major HAB Events in Other Years
This study focused on the years 1987-92, yet there were a number of signficant events in other
years that demonstrate the magntude of the impacts that are possible. For example, in 1976,
New Jersey suffered an extensive oxygen depletion event in which HABs were implicated in
par, A confluence of oceanographic, hydrologic, and meteorological factors led to a bloom of the
dinoflagellate Ceratium tripos, which resulted in anoxic conditions and the formation of hydrogen
sulfide in the bottom waters of the New York Bight. The bloom affected sedentar commercial
stocks of sur clams, ocean quahogs, sea scallops, and some finfish and lobster. Lost sales from
harvests durg 1976 and for five to seven years into the futue (for scallops and sur clam
respectively) were estimated. The largest impacts by far occured in the sur clam market.
Impacts in the downstream processing and marketing sectors were estimated using a multiplier of
2.5, Total lost sales in al sectors combined were estimated to be $1.33 bilion in 2000 dollars
(Figley et aL 1979).
In September 1980, the entire Maine coastline was closed to shellfishig because of a bloom of
the dinoflagellate Alexandrium tamarense, a source for PSP toxins, Harvest losses from this
event were estimated at $5.04 millon, and total economic impacts were estimated to be $15.l0
milion, using a multiplier of 3 (2000 dollars). Also in 1980, CalfoITa, Oregon, and Washigton
closed oyster haesting for one month due to PSP toxicity, resulting in losses to commercial
oyster growers in these states of $ 1.3l milion (Nishitan and Chew 1988), In 1986, a red tide of
Gymnodinium breve event in Texas caused the loss of $2.22 millon in oyster production,
resultig in estimated economic impacts of $6.00 millon (2000 dollars) (Texas Shores 1987).
In 1997, a bloom of Pfiesteria occured in several Chesapeake Bay trbutares. The bloom
resulted in the deaths of from 30-50,000 menhaden. After medical testing of fishermen who
complained of an array of physical and neurological problems, the Governor of Maryland
acknowledged the human health risk associated with Pfiesteria and closed several Chesapeake
tributares to recreation and fishig (Bowman 1997). Although the state later spent half a milion
dollars on a promotional effort to counteract the scare, demand for seafood from the state of
Maryland shran significantly durg the autu of 1997. Lipton (1999) estimates $45.70
millon in lost seafood sales to Marland producers that can be attributed directly to the 1997
Pfiesteria scare (2000 dollars).
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5 RECREATION AND TOURISM IMPACTS
In 1991, a federal govemment study estimated that saltwater anglers spent an average of$562 per
angler, totaing $5 bilion (1991 dollars) for travel, food, lodgig and equipment (Dol and DoC
1993, Appendix D). When compared with the total U.S. domestic landigs of commercial finfsh
and shellfish ($3.3 bilion in 1991), total recreational expenditues can be seen to be 67 percent
greater than commercial fish landigs. However, to date, the economic impacts of HABs on
recreational and toursm activities have been given litte attention relative to the impacts on
commercial fisheries.
Although many experts argue that the impacts of HABs on recreation and toursm are important
and potentially large, there are few available data describing the size of the impacts (Table 5.1).
Our estimates of the economic impacts on recreation and tourism durng the 1987-92 period rage
from zero to $29.30 milion. The anual average is $6.63 millon.
Table 5.1: Recreation and Tourism Impacts
(2000 $U.S. millons)
Annual
Year Incident Type State Estimated Total
Impacts Estimated
Impacts
1987 toursm and recreation NSP North 28.32 29.30
impacts to a coastal Carolina
community (red tide)
1988 0.00
1989 0.00
1990 0.00
1991 Recreational shellfishig for ASP Oregon 1.05
razor clams
Recreational shellfishig for ASP Washington 0.66 l.l
razor clams
1992 Recreational shellfishig for ASP Oregon 2.04
razor clams
Recreational shellfishig for ASP Washington 6,72 8.76
razor clams
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5.1 The 1987 North Carolina Red Tide Event
The overall impacts from a 1987 HAB event in North Carolina have been "conservatively"
estimated at $37,57 millon (2000 dollars) (Tester et al. 1988). This estimate includes neither the
public health impacts nor monitoring and mangement costs. Because the losses to commercial
fish harests from this incident were estimated at $8.27 million, we can attribute the remaig
$29.30 million to recreation and toursm impacts. The estimated tourism and recreation impacts
of the incident amounted to only 1.9 percent of the $1.52 bilion (2000 dollars) generated by
combined hotel, lodging, amusement and recreation services in the entire state of North Carolina
in 1986.19 Nevertheless, we expect that the ratio of economic impacts to measures of county
productivity in the four impacted coasta counties is much larger. However, as toursts redirected
their vacation destinations, negative impacts that occured in these four counties are likely to
have been counterbalanced by positive impacts in other counties, in Nort Carolin and
elsewhere, thereby mitigating aggregate impacts at the state or regional leveL.
5.2 The 1991-92 Washington and Oregon ASP Event
Another major HAB event that affected recreation and tourism activities occured in Oregon and
Washington durg 1991-92. In October 1991, these states closed their primarily recreational
razor clam fisheries because of ASP containation. In Oregon, prior to the closures, roughly
67,000 trps per year were taen for recreational shellfishing of razor clams (Radke, pers. comm.,
1994). On average, recreational shellfishermen spend $30.5l per trip (2000 dollars). Therefore,
we estimate the 1992 economic impacts of the razor clam shellfish closure to be $2.04 milion.
We assume that the 1991 impacts were a little more than one-half of this amount, $1.05 millon,
because the onset of ASP contaation occured durng the fall of 1991.
In Table 5.2, we present the numbers of recreational shellfishig trips in Washigton State for
razor clams durg the spring and fall seasons before and after the outbreak of ASP (Ayres and
Simons 1993, 1992). The number of trips in the fall of 1991 fell by 21,333 compared with the
three-year average prior to the ASP event. In 1992, the combined number of trips made durg
the spring and fall seasons was smaller by 220,666 compared with the thee-year average. Using
an estimated average per trip expenditue of $30,5l for recreational shellfishig, we estimate the
impacts on recreation and toursm to be $0.66 million and $6.72 millon in 1991 and 1992,
respectively.
19 Appendix C presents, for each coastal state, gross state product (GSP) and the value of output from several industrial
sectors within that state during 1985w90 (Trott et al. 1991).
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Table 5.2: Washington State Recreational Shellfishing Trips for Razor Clams
(before and afer October 1991 ASP event)
Season Fall Spring
1988-89 43,000 195,000
1989-90 55,000 204,000
1990-9l 32,000 274,000
Average (88-91) 43,333 224,333
1991-92 *22,000 0
1992-93 47,000 136,000
1993-94 60,000 --
*Fall 1991 season was cut short.
Source: Ayres and Simons (1993, 1992)
5.3 Recreational Impacts - Large but Uncertain
Many experts consider the economic impacts of HABs on commercial fisheries to be mior in
contrast with the size of the impacts on recreation and toursm. This is believed to be the case in
Florida, where Habas and Gilbert (1975) estimated the economic dae to the tourist industry
of a sumer 1971 Gymnodinium breve red tide event at more than $68 million (in 2000 dollars).
Gymnodinium blooms have occured afer 1971, but there have been no attempts to estimate
economic impacts. The most sigrficant impacts occured in the hotel, restaurant, amusement,
and retail sectors. As with the North Carolina red tide event, we need to be careful in interpreting
these dae estimates. Undoubtedly some tourists spent their monies at other tourist
destinations in Florida or other states.
When kills of "trash" fish result from an HAB, there is no commercial fishery impact, but dead
fish can substatially reduce the recreational "experience" of visitors to these beaches. In Texas,
a severe HAB event was reported during the period from August to October 1986. Most of the
dead fish from this event were either trash or "underutilized" fish, but many of these washed up
on beaches, where they decayed, According to Texas Shore magaze (1987), this event resulted
in economic impacts on tourism and seafood sales. However, the gross impact was mied
because the economy of many Texas coastal communties was already depressed. In fact, sales
tax proceeds from ten affected coastal counties for the months affected by the HAB indicate only
small overall impacts when compared with tax proceeds the year before.
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5.4 Laguna Madre Brown Tide
Although we expect some level of economic impact from an HAB event, the anecdotal evidence
sometimes can be contradictory. As an example, from May 1990 until recently, a brown tide
developed and then persisted for over 7 years in the Lag Madre, along the southern coast of
Texas. Some professional sport-fishing gudes reported that they lost many customers, but
others say that customers are still catchig fish by chagig fishig methods to cope with a
change in the water's tranparency leveL. (Water was clear before the outbreak, so "sight casting"
was possible). The Texas Parks and Wildlife Deparment reported that their monthy fish stock
assessments indicate the same abundance of adult and juvenile fish in the Lag Madre when
compared with the situation prior to the brown tide, and their sport harest surveys reveal
unchaged levels of sport fishig catches (Spiller, pers. comm., 1994). The Laga Madre
system had suffered two unusually hard freeze seasons, causing widespread fish kils prior to the
onset of the brown tide. Sport fishermen may have bypassed the Laguna Madre because of poor
fishing results at those times,
5.5 Propert Value and Recreational Impacts of Macroalgae
In Massachusetts, local residents expressed several different opinions about the economic
impacts of a slimy, dark-brown macroalgae, Pilayella litoralis. Since 1987, the recurent
accumulation of Pilayella in Nahant Bay and Broad Sound has been attributed to eutrophication
of Massachusetts Bay by the press and the general public, but ths may be more easily related to
a unique hydrographic mechansm which cares this alga to shore and concentrates it on one
paricular shoreline location. Pilayella's abundant growth interferes with swiing, and it
generates a sulfuous, "rotten-egg" odor as it decomposes on beaches. The property values of
houses in the area could be reduced by the existence of these algae on beaches and their smelL.
However, this effect was both varable and uncertin. One Nahant realtor told us that prices of
some of the houses she sold were depressed because of the algae. In paricular, she speculated
that a house that sold for $300,000 could have been worth $325-350,000 if there had been no
Pilayella problem (1994 dollars). A second realtor did not think property values were affected
at all, and a third believed that there was a negative effect, but that because the housing market
had been depressed for some time, the actual sales data do not show an impact.
Macroalgae may also negatively affect recreational activities. One local Nahant resident told us
that the presence of Pilayella resulted in no differences in beach attendance rates. However,
observations of identical numbers of beach-goers does not necessarily imply that there has been
no recreational impact, because when beach or fishig conditions deteriorate, each recreationist s
personal "enjoyment" may decline. Therefore, it is important to know by how much
recreationists value certin environmental conditions, instead of focusing on only the
paricipation rate.
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Efforts to measure these types of recreation and tourism impacts must be underten at the local
level because local environmental and socioeconomic conditions are critical determinants of
changes in recreational benefits. Moreover, in their valuation attempts, analysts also should
incorporate the existence of substitute beaches or other recreation areas where tourists can visit.
Even if cert areas are affected by HABs adversely, recreationists may be able to visit other
nearby areas that offer simlar recreational amenities. In such a case, regional economic impacts
may be minmaL
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6 MONITORING AND MANAGEMENT COSTS
In Table 6.1, we present our findings about the costs of monitoring and managing HABs. Anual
average monitoring and management costs total $2.09 million (2000 dollars) in the United States,
We were able to obtain anual estimates of monitoring and management costs from twelve states:
Alaska, California, Connecticut, Florida, Maine and New Hampshire (combined), Massachusetts,
North Carolina, New Jersey, New York, Oregon, and Washigton. Many states experiencing
HABs, such as Texas, do not have a regular monitoring program for PSP or HABs. It is often the
case that water monitoring tasks, including PSP testing, are spread across different divisions of
state governent, makg it diffcult to collect data on costs (Langlois, pers. comm., 1994).
Furer, monitoring activities for both HABs and other water quality testing, such as shellfish
santation, often are conducted by the same experts. Consequently, it is diffcult to factor out
those costs related specifically to HAB monitoring and management.
In addition to the anual monitoring and management costs incured by coastal states, we report
other categories of costs in Table 6.1. For example, in Massachusetts, BlueGold Mussels, Inc.
spent approximately $6,000 per year (1994 dollars) conducting PSP tests on their own shellfish
products. We also present other estimates of the costs of monitorig or management related to
one-time or infequent events including: surey and investigation costs for two specific HAB
events in New Jersey (Olsen, pers. comm., 1994); the cost estimate for a 3-month NSP event on
Florida's west coast (Roberts, pers. comm., 1994); and the ASP tests during the spring of 1994 in
Washington (Simons, pers. comm., 1994).20
Our estimate for monitorig and mangement costs in Florida includes the anual costs of beach
cleanups on the southwest coast of Florida. These costs are curently incured primarly by each
of the eight counties along that coast. We have collected recent (1995-97) estimates of the costs
of beach cleanups for Sarasota County (Conn, pers. comm., 1998). These costs average $56,592
per year (current dollars), and they apply to the cleanup of dead fish due to HAB events and to
the collection and disposal of red seaweed that washes up during storms. A significant portion of
the anual costs is the tipping fee. We divide this average cost by the number of miles cleaned
(17,5) in Sarasota County to develop a per mile cleanup cost. We assume that approximately 50
miles of the 200-mile southwest coast of Florida are cleaned each year, accounting for the
patchiness of red tide events and the diffculty of accessing certin areas of the coast. The result
is an estimate of the cost of beach cleanups for HAB events and washed up seaweed of about
$162,500 per year (1998 dollars), Furer research will allow us to refine that estimate. Note
that Habas and Gilbert (1975) estimated the cleanup costs for a 1971 red tide event to be
approximately $755,21l in 2000 dollars.
20 This expenditure was for the spring season only. Apparently a budget shortall precluded further ASP tests in the fall season
of 1994 (Simons, pers.comm., 1994).
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Table 6.1: Annual Average Monitoring and Management Costs
(2000 $U.S. thousands)
Annual
State Type of Cost Average Cost
($000)
Alaska Estimated fees for PSP and ASP costs 320.74
Californa Anual monitorig 2l2.73
Connecticut Anual monitorig LO.LL
Florida Personnel salares and associated overhead l83.59
for monitorig and bioassaying for a 3-
month Gymnodinium breve event on west
coast; estimated costs for beach clean-ups
durg each year
Maine/New Hampshire Anua PSP monitoring 291.6l
Massachusetts Anual monitoring; Anual private PSP 57.79
monitorig by BlueGold Inc. (400 samples
anually at $l5 per sample)
New Jersey A series of three tests for anua red tide 30.30
monitorig at $100 per test; individua
response investigations by four separate
agencies for a Jun-Aug 1988 algal bloom;
intensive follow-up surey conducted il
1989 for the Jun-Aug 1988 bloom;
individua response investigations by two
agencies for a July 1992 algal bloom
New York Anual monitorig 3l9.io
Nort Carolina Anual monitorig 34.84
Oregon Anual monitorig 96.26
Washigton Anual monitorig 531.83
TOTAL 2088.89
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7 CONCLUSIONS AND FUTURE RESEARCH NEEDS
7.1 Annual Aggregate Economic Impacts
Table 7.l (which reproduces Table ES-l), is a compilation of our estimates of the anua
aggregate economic impacts (in millions of2000 dollars) ofHAs in the United States durg the
1987 -92 period. For each of the four mai types of impacts, we present both the ranges of
anual estimated impacts durng the 1987-92 study period and averae anua estimated impacts.
Public health impacts are the largest component, representing about 45 percent of total averae
impacts at more than $22 millon anually. Impacts from cigutera poisonings are the largest
element of those public health impacts. Commercial fisheries impacts are the next largest
component, representing 37 percent of total average impacts at more than $18 million anually.
Recreation/toursm impacts account for 13 percent of total impacts at nearly $7 million anually.
Monitoring/management costs represent only 4 percent of the total at more than $2 mion
anually. It is important to note that expenditues made to improve monitorig and mangement
likely resulted in decreases in impacts in the other categories.
We also present an estimate of capitalized impacts. Assume that our estimates of impacts will
occur on an anua basis over the next l5 years. Discounting these anua losses at a rate of 7
percent and sumg the discounted losses results in an estimate of capitaized impacts, Our
estimate of l5-year capitalized average impacts is $449 millon.
Durg the 1987-92 period, total anua impacts fluctuated widely (except for
monitorig/management costs). This reflects the ireguar occurence of HAB events, which in
turn vary dramatically with respect to the magntude of impacts. We expect that coastal
communties and industries are able to mae recurent (i.e., expected or "predictable")
outbreaks reasonably well, thereby limtig their economic impacts (Shumway et al 1988).
However, outbreaks of unexpected or unusual blooms may tend to cause more severe economic
impacts (Bicknell and Walsh 1975; Egan 1990; Tester et ai. 1988).
7.2 Reasons Why Our Estimates are Conservative
The estimates reported here represent a preliminar approximation of the economic costs to the
United States from the occurence of HABs. The fact that these estimates are uncertain or
approximate is not due to lack of effort, but rather to the difficulty in assigng impacts to many
of the events that occured - due to lack of information and even to a lack of knowledge as to
how to quantify cert impacts, Due to reporting inadequacies and the lage size of the US
coastline, the HAB events on which this analysis is based are a subset of al outbreaks that
occured durg the 1987-92 window. Consequently, our aggregate economic impact
underestimates the actual impacts. A second qualification is that, although we report on economic
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impacts, we did not use economic multipliers. Thus, our estimates reflect only the direct effects
of HAB events, ignoring indirect and induced effects on other sectors of the economy. Agai, this
conservative approach leads to underestimates of the tre impact.
Human sickness and death from eating tainted seafood results in lost wages and work days and
pain and suffering. Costs of medical treatment and investigation are also an important aspect of
the economic impact caused by such events. We know that a substantial number of illnesses
caused by HABs remain uneported. In the absence of a reliable method for estimating the actual
number of illnesses, we adopted conservative "rule-of-thumb" factors from several experts in the
field. Furher, we used estimates developed by Todd of the costs of shellfish and cigutera
poisoning -- estimates that are smaler, by an order of magnitude, than generic estimates of
nonfatal ilness costs emerging from studies of job risks.
Our public health impact estimates are dominated by cigutera ilness and treatment costs, but
these estimates are low because cigutera poisoning also occured outside of the areas we
sureyed as a result of exports of tropical fish to other jursdictions. In addition, we have been
unable to include either the costs of insurance to cover potential cigutera-caused liabilities or the
cour costs associated with ciguatera-related litigation.
Commercial fisheries impacts underestimate tre losses due to HAB events because they do not
include PSP closures in several states, includig Maine and Massachusetts, where it was not
possible to document the acreage closed or the value of the resource that was not harested
durg PSP outbreaks. These states are examples of the case where the price of shellfish may
increase when landigs are lowered due to closures. Indeed, the economic impact estimate from
haresting closures (basically the increased value of output), would appear to be positive-a
counterintuitive result. Although some shellfishermen may benefit from price increases,
consumers unambiguously lose. These losses are not included in our economic impact estimates,
because once again, it is diffcult to quantify them. Furermore, our estimates do not include the
costs of wild fish kills, because the value of those fish is not known in most cases.
Another factor that leads to an underestimate of impacts is the economic loss from blooms of
Pfiesteria or Pfiesteria-like organisms that have not been included in our totals. Although recent
Pfiesteria blooms have been shown to have major economic halo effects in Marland followig an
outbreak in 1997 (Seiling and Lipton 1998), the organsm had not been identified durg the early
portion of our study period, and even after it was first linked to massive fish kills, no estimates
could be obtained of the economic losses associated with those events, In part this reflects the
diffculty in attbuting causality to past fish kils and in assignig economic value to wild fish.
Yet another conservative aspect of this study is that some curently untapped fishery resources
have values that might be realised in the absence of HAB events, but such estimates are not
included here. Examples include some shellfish resources of coastal Alaska, which are
permanently quarantined due to persistent toxicity and the logistics of sampling distant or remote
resources (Neve and Reichardt 1984), and a potential roe-on scallop fishery on Georges Banle
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Finally, although many experts argue that the impacts of HABs on recreation and tourism are
important and potentially large, there are few available data describing the size of the impacts.
F or example, reduced tourism and lowered residential real estate values on the Gulf Coast of
Florida are two types of impacts that are likely to be large but for which we currently have no
data.
7.3 Information Needs
In addition to economic impact estimates, we made several important findings about the curent
state of available information and the need for improvements in the data collection process. First,
the reporting practice of HAB events needs to be expanded and the format formalized. At
present, information about HAB events is fragmenta and incomplete in its coverage. HAB data
are compiled on an anua basis by the U.S. National Offce for Marne BiotoxIn and Harl
Algal Blooms at the Woods Hole Oceanographic Institution. These data are maintaed by that
offce, and are also supplied to the ICESIIOC Workig Group on Hanful Algal Bloom
Dynamics, which has entered them into an international database caled HAEDAT (Harl
Algal Events Database), maintained by the IOC HAB Science and Communcation Centre in Vigo
Spain. However, the data collection effort withn the different reporting regions of the US relies
on volunteer efforts by academic and governent scientists as well as governent offcials, and
thus tends to be uneven in coverae and detaL. Efforts are underway to stadardize the data
collection process, but even with those chages, it is clear that these individuas canot provide
the type of information needed for economic impact assessment. At the least, the duration,
affected acreage or shoreline lengt, average toxicity levels, and values of affected coastal
resources should be documented for each bloom in order to describe the overall economic
signficance of the incident. In addition, local and state governents should place much higher
emphasis on quantification of economic impacts. Economic impacts are usually specific to local
environmental and socioeconomic conditions, and local offcials are therefore the ones who need
to compile the inormation which can later be analyzed by economists. Until local governents
become capable of supplying site-specific impact information for each bloom incident, truly
comprehensive and detailed national level aggregation of such impacts canot be realized.
Second, we note that some economic inormation is available on economic impacts to fisheries
resources or to human populations exposed to HABs, but there is a significant lack of available
information about recreation and tourism impacts. This could be a signficant but highly episodic
factor that is presently underestimated in our study.
Third, the causes of economic impacts and the degree of their uncertainty should be included in
any study of economic impacts. For example, it may be prematue to attribute the economic
impacts solely to a specific HAB, because there are often other possible explanations for
mortality events. Finally, economic factors that are used to generate the impact estimates should
54
Economic Impact ofHAs in the U.S.
be reported. These factors include whether or not an economic multiplier is used; local economic
recession or prosperity trends; and foreign and domestic seafood competition factors.
7.4 Overview
Here we offer the first effort to compile an estimate of the economic impact of HABs in the US.
The data generated are of interest and use, but it is also of note that the process of collectig,
compiling, and anlyzing that data revealed areas where changes are needed. This includes
changes in the reporting process, as well as the development of new approaches to the
assignment of impacts to certain types of events or situations (e.g., the evaluation of unexploited
fisheries, or the losses associated with quaantine or haresting restrctions).
Overall, the economic impacts from HABs are diverse and large. Even with the highly
conservative treatment given the impacts in this study, the anua costs are signficant. Average
anual costs also tend to mask the signficance of individua HAB events, some of which greatly
exceed the anual average for the entire countr. Perhaps more importtly, HABs are recurent,
and show signs of increasing as the number of toxic and har algal species grows and as our
reliance on the coastal zone for aquacultue, commerce and recreation expands. Prudent
investment in research and monitorig can do much to reverse ths trend and to reduce the anual
impacts.
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APPENDIX A
Harmful Algal Bloom Incidents
Ths Appendix is a sumar ofha algal bloom incidents reported inormally
from coasta states to the Nationa Office for Marine Biotoxin and Hanl
Algal Blooms at the WoDds Hole Oceanographic Intitution for the 1987 - 1992
period.
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APPENDIX B
List of Local Experts Contacted by Letters
89
GENERAL
Sandra E. Shumway
NaturaJ Science Division
Southampton College, LIU
Southampton, NY 1 1968
Sshumway(gsouthampton.liunet.edu
ALASKA
Ronald K. Dearborn
Alaska Sea Grant College Program
University of Alaska
13 8 Irving II
Fairbans, AK 99775-5040
Fnrk(guaf.edu
Michael 1. Ostasz
Shellfish Program Coordinator
Deparent of Environmental
Conservation
360l C Street, Suite 1324
Anchorage, AK 99503
Mostasz(genvircon.state.ak. us
CALIFORNIA
James A. Fawcett
University of Southern Californa Sea
Grant
Hancock Institute for Marne Studies
University Park
Los Angeles, CA 90089-123l
James J. Sullivan
California Sea Grant College Program
Univ. of Californa - San Diego A-032
La Jolla, CA 92093
Kenneth Hansgen
Deparment of Health Services, EHSS
Sacramento Office
714 P Street, Rm. 616
Sacramento, CA 95814
90
Craig Wiese
Sea Grant Program
University of Alaska, Fairbans
2221 E. Northern Lights Blvd, #1 10
Anchorage, AK 99508
Richard E, Danielson
Deparment of Health Services
Sanitation and Radiation Laboratory
2l5l Berkeley Way
Berkeley, CA 94704
Greg Langlois
Deparment of Health Services
215l Berkeley Way, Rm. ll8
Berkeley, CA 94704
Sue Yoder
University of Southern Californa
University Park
Los Angeles, CA 90089-l231
CONNECTICUT
Edward C. Monahan
Connecticut Sea Grant College Program
University of Connecticut
Avery Point
Groton, CT 06340
SgoadmO I rfunconnvm.unconn.edu
Malcolm Shute
Connecticut Deparment of Agricultue
Aquaculture Division
P.O. Box 97
Rogers Avenue
Milford, CT 06460
Dept.agricrfsnet.net
Subject Line: Attention Malcolm
Shute
DELAWARE
Carolyn Thoroughgood
Delaware Sea Grant College Program
Graduate College of Marne Studies
Robinson Hall
Newark, DE 19716
C. Thoroughgoodrfmvs.udeLedu
FLORIDA
James C. Cato
Florida Sea Grant College Program
Building 803
University of Florida
Gainesville, FL 326ll
Jccrfgnv.ifas.ufl.edu
GEORGIA
Mac Rawson
Georgia Sea Grant College Program
University of Georgia
Ecology Building
Athens, GA 30602
Mrawsonrfarches.uga.edu
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James Citak
Aquacultue Division
Deparment of Agricultue
State of Connecticut
P.O. Box 97
Milford, CT 06460
Dept.agricrfsnet.net
Subject Line: Attention James Citak
John Yolk, Director
Deparent of Agricultue
State of Connecticut
P.O. Box 97
Milford, CT 06460
Dept.agricrfsnet.net
Subject Line: Attention John Yolk
Beverly Roberts
Marine Research Laboratory
Florida Dept. of Natual Resources
LOO Eighth Ave., SE
St. Petersburg, FL 3370l-5095
Bev .Ro bertsrfdep. state.fl. us
Brad Wiliams
Shellfish Program Leader
Georgia Deparment of Natural
Resources
1 Conservation Way
Bruswick, GA 3l523-8600
HA WAIl
Jack R. Davidson
Hawaii Sea Grant College Program
University of Hawaii
lOOO Pope Road, Rm, 223
Honolulu, HI 96822
LOUISIANA
Jack R. Van Lopik
Louisiana Sea Grant College Program
128 Wetland Resources
Louisiana State University
Baton Rouge, LA 70803-7507
MAINE
Robert E. Wall
Maine/N.H. Sea Grant College Program
University of Maine
l4 Cobur Hall
Orono, ME 04469-0l14
Sally Sherman-Caswell
Deparent of Marine Resources
McKown Point Rd.
West Boothbay Harbor, ME 04575
Sally. Sherman(fstate,me. us
Robert Lewis
Dept. of Marne Resources
State House Station 2l
Augusta, ME 04333-002l
MARYLAND
Chirstopher F, D'Elia
Marland Sea Grant College Program
University of Maryland
0112 Skinner Hall
College Park, MD 20742
Delia(fcbl. umces.edu
92
Y oshitsugi Hokama
Deparment of Pathology
Room T-512
University of Hawaii
1960 East-West Road
Honolulu, HI 96822
Ronald Becker
Louisiana Sea Grant College Program
Louisiana State University
Baton Rouge, LA 70803-7507
Rbecker(flsu.edu
Laurie Bean
Dept. of Marne Resources
Bureau of Marine Science
West Boothbay Harbor, ME 04575
Laurie.Bean(fstate.me. us
John W. Hurst, Chairan
Fisheries and Health Science Division
Deparent of Marne Resources
West Boothbay Harbor, ME 04575
J ohn.Hurst(fstate .me. us
MASSACHUSETTS
Chrssostornos Chrssostomidis
MIT Sea Grant College Program
Massachusetts Institute of Technology
Bldg. E38, RI. 330
77 Massachusetts Ave.
Cambridge, MA 02139
Chrs¡§deslab.rnit.edu
E. Eric Adams
Deparent of Civil Engineering
Bldg. 48-325
MIT
Cambridge, MA 02139
Eeadams¡§rnit.edu
Michael Hickey
Massachusetts Division of Mare
Fisheries
l8 Route 6A
Sandwich, MA 02563
MISSISSIPPI
James 1. Jones
Mississippi/Alabama Sea Grant Consortium
P,O. Box 7000
703 East Beach Drive
Ocean Springs, MS 39564-7000
NEW HAMPSHIRE
Brian Doyle
New Hampshire/Maine Sea Grant
College Prog.
Marine Program Building
University of New Hampshire
Durham, NH 03824
Brian.doyle¡§un.edu
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Paul DiPietro
MDC
6th Floor
20 Somerset Street
Boston, MA 02108
Alan White
Deparment of Marine Safety and
Environmental Protection
Massachusetts Martime Academy
LOL Academy Drive
Buzards Bay, MA 02532
A white¡§mra.rnass.edu
Dave Whtter
Division of Marne Fisheries
l8 Route 6A
Sandwich, MA 02563
David. Whttaker¡§state.rna. us
John Nelson
NH Fish & Game / Region 3
225 Main Street
Durham, NH 03824-4732
Paul Raiche, Supervisor
Dept. of Health and Human Services
Division of Public Health Services
6 Hazen Drive
Concord, NH 03301-6527
NEW JERSEY
Wiliam G. Gordon
N.J. Marine Sciences Consortium
Sea Grant Program
Building No.2
Fort Hancock, NJ 07732
NEW YORK
Ane McElroy
New York Sea Grant Institute
Dutchess Hall, Rm. l47
State Univ. of New York - Stony Brook
Stony Brook, NY ll794-500l
Amcelroy(fnotes.cc.sunysb.edu
Robert Nuz
Suffolk County Dept. of Health Services
Riverhead County Center
Riverhead, NY ll90 1
NORTH CAROLINA
B. J. Copeland
Univ. of North Carolina Sea Grant
College
Nort Carolina State University
Box 8605
Raleigh, NC 27695-8605
B j copela(funty .ncsu.edu
JoAn Burkholder
Deparment of Botany
Box 7612
Nort Carolina State University
Raleigh, NC 27695
Joan _ burkholder(fncsu.edu
Pat Tester
NOAAlOS
Beaufort Laboratory
Beaufort, NC 285l6-9722
Pat.Tester(fNOAA.gov
94
Paul Olsen
NJ Dept. of Environmental Protection
Division of Water Resources
Geological Surey CN 029
Trenton, NJ 08625
Anta Freudenthal
Nassau County Dept. of Health
240 Old Countr Rd.
Mineola, NY ll50l
Mike Street
Dept. of Environmental Health and
Natual Resources
Division of Marne Fisheries
Morehead City, NC 28557-0769
Mike. Street(fncmail.net
Bob Cur
Nort Carolina Wildlife Resources
Commission
512 N. Salisbur Str.
Raleigh, NC 27604-1l88
Karen M. Lynch
Environmental Sciences Branch
DEHNR
State of Nort Carolina
440l Reedy Creek Road
Raleigh, NC 27607
OREGON
Robert Malouf
Oregon Sea Grant College Program
Administrative Services Building - A320
Oregon State University
Covalls, OR 0733l-2131
Robert.Malouf(forst.edu
Debora Canon
Deparment of Agriculture
Food & Dairy Division
635 Capitol Street NE
Salem, OR 973l 0
PUERTO RICO
Manuel Hernandez-Avila
Puerto Rico Sea Grant College Program
University of Puerto Rico
Deparment of Marne Sciences
RUM-UPR, P,O. Box 5000
Mayaquez, PR 00708
RHODE ISLAND
Scott Nixon
Rhode Island Sea Grant College Prog.
University of Rhode Island
Marine Resources Building
Naragansett, RI 02882
Snixon(fgsosun l. uri.edu
SOUTH CAROLINA
Margaret Davidson
South Carolina Sea Grant Consortium
287 Meeting St.
Charleston, SC 2940l
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John Johnson
Dept. ofFish and Wildlife Service
2040 SE Marne Science Drive
Newport, Oregon 97365
Joe Migliore
Senior Environmental Scientist
Rhode Island Dept. of Environmental
Management
Division of Water Resources
29l Promenade Street
Providence, RI 02908-5767
Jmiglior(fdem.state.ri.us
Rick Devoe
South Carolina Sea Grant consortium
287 Meeting Str.
Charleston, SC 29401
Devoemr(fmusc.edu
TEXAS
Thomas J. Bright
Texas Sea Grant College Program
l7l6 Briarcrest Drive
Suite 702
Bryan, TX 77802
Richard Thompson, Director
Division of Shellfish Santation Control
Texas Deparent of Health
II 00 West 49th Street
Austin, TX 78756
Eleanor Cox
Deparent of Biology
Texas A&M University
College Station, TX 77843
e-coxl8tau.edu
VIRGINIA
Willam 1. Rickards
Virginia Sea Grant College Program
University of Virginia
Madison House - l70 Rugby Road
Chalottesville, VA 22903
Rickardsl8virginia.edu
WASHINGTON
Louis S, Echols
Washington Sea Grant College Program
University of Washington
3716 Brooklyn Ave., N.E.
Seattle, W A 98105-6716
Echolsl8u. washington.edu
Mar McCallum
Washigton State Dept. of Health
Shellfish Offce, Mail Stop LD-ll
Olympia, W A 98504
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Terr E. Whitledge
Marine Science Institute
University of Texas - Austin
P.O. Box 1267
Port Aransas, TX 78373-l267
Kirk Wiles
Texas Dept. of Health
1100 W. 49th Street
Austin, TX 78753
Ed Buskey
Marine Science Institute
OUniversity of Texas, Austin
Port Aransas, TX 78373
BuskeYl8utmsi. utexas.edu
Jack Rensel
Rensel Associates
2412 Nort 77th Street
Seattle, WA 98103
Jackrensell8email.msn.com
Doug Simons
Dept. ofFish and Wildlife
48 Devonshie Rd.
Montesano, W A 98563
Simonddsl8dfW.wagov
CANADA
Ewen Todd
Health Protection Branch
Health and Welfare Canada
Sir Frederick G, Banting Research Centre
Tuney's Pastue, Ottawa
Ontario KIA OL2 Canada
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